Cholesterol crystals are a primary cause of cholesterol embolism if they appear in vessels. Various papers have reported the involvement of cholesterol crystal deposition in cutaneous diseases such as xanthoma. However, no cases of cholesterol crystal involvement in cutaneous cancer have been reported. We report four cases of basal cell carcinoma with cholesterol crystal deposition, and discuss the mechanism(s) of the condition. Disease duration, anatomical site, histopathological features, and serum lipid profiles were investigated. The median disease duration was 3.5 years, and the sites of the lesions were the scrotum (one patient) and the nose (three patients). Histopathologically, there was necrotized tissue around the clefts. In addition, we detected frequent apoptotic cells around the cholesterol clefts in two of the patients by using the terminal deoxynucleotidyl transferase dUTP nick-end labeling method. Serum lipid levels were slightly elevated in two of the patients. In conclusion, cholesterol crystal deposition in basal cell carcinoma was considered to relate to a long disease duration with a tumor in a region that was subject to external irritation. Histopathologically, apoptotic cells around the cholesterol clefts indicated that lipids from the tumor cell membranes were one of the causes of cholesterol crystal deposition.
Introduction
Cholesterol crystal depositions or cholesterol clefts are relatively common in xanthomas or necrobiotic xantho-* Corresponding author. granulomas and are occasionally seen in necrobiosis lipoidica [1] [2] . This is because they consist of lipid-rich foam cells or macrophages. However, there have been few papers describing cholesterol crystal depositions in other skin tumors or skin diseases, and the mechanism(s) involved are still unknown. We present four cases of basal cell carcinoma (BCC) that contains cholesterol crystal depositions.
Patients
We examined four patients with BCC containing cholesterol crystals who visited Yamagata University Hospital between 2013 and 2014. We treated 33 BCC patients (all of them had one lesion) in this period, so the frequency of cholesterol crystal depositions in BCC was about 12%. Clinical data and information were obtained from the clinical records at the hospital.
Patient 1
A 78-year-old Japanese man presented with a 5-year history of a mass lesion on the left side of his scrotum. The mass was 25 × 22 mm in size, ulcerated at the center with a prominent border (Figure 1(a), Figure 1(b) ). A skin biopsy specimen taken from the tumor confirmed a diagnosis of BCC, and the patient underwent a complete excision of the tumor. Histologically, closely-aggregated needle-shaped clefts were identified in the interstitium (Figure 1(c), Figure 1(d) ). The clefts were surrounded by cells expressing CD68 antigen (Figure 1(e) ). In addition, the tumor was necrotized near the clefts (Figure 1(f) ). The patient had no history of hyperlipidemia. Serum levels of triglyceride and total cholesterol were within normal limits.
Summary of the Four Patients
The clinical and histopathological features of Patient1 and the other three patients are shown in Table 1 . The median disease duration was 3.5 years. The sites of the lesions were the scrotum (one patient) and the nose (three patients). Histopathologically, there was necrotized or keratinized tissue around the cholesterol clefts in all cases. Infiltration of histiocytes around the cholesterol clefts were detected by CD68 staining in Patient 1 on- mild hyperlipidemia. None of the patients had a history of familial hyperlipidemia. We could not examine the clefts with a polarization microscope, because we had not preserved the frozen specimens in all the patients.
Discussion
These four cases had three features in common: a relatively long disease duration; a tumor in a region subject to external irritation; and necrotized or keratinized tissue around the cholesterol clefts. These three features, especially the histological features, may have affected the formation of cholesterol crystals. The reasons for cholesterol crystal deposition in cutaneous or subcutaneous tissue are unclear. However, Fam speculated that repeated microtrauma to the skin can result in the release of cholesterol from erythrocyte and other cell membrane lipids, leading to cholesterol crystal formation [3] . The high frequency of apoptotic cells around the cholesterol clefts (Figure 2(c), Figure 2(d) ) suggests that the release of cholesterol from tumor cell membranes caused by tumor cell apoptosis or necrosis might be one of the causes of cholesterol crystal deposition. In Patient 1, infiltration of histiocytes was detected around the cholesterol clefts (Figure 1(e) ) but apoptotic cells were not. That might indicate that the clefts were not fresh lesions. Parke et al. proposed that cholesteatomas of the orbit should be divided into two groups: "cholesterol granulomas" and "epidermoid or true cholesteatomas" [4] . The first includes lesions that contain no epithelial elements, and the second includes lesions that contain epithelial elements. We suggest a similar categorization for cholesterol crystal depositions in cutaneous and subcutaneous tissue; i.e., those without a precursor lesion, and those with a precursor lesion. The former is often accompanied by a granuloma around the cholesterol crystal, which has been reported as a "granuloma cholesterinicum subcutaneum" [5] , or a "tophus-like cholesterol nodule" [6] . In addition, cholesterol crystals are occasionally detected in chronic rheumatoid arthritis, osteoarthritis, or bursal effusions [7] [8] . The cholesterol crystal depositions with a precursor lesion have been rarely reported except in tumors that contain lipid-rich cells, such as xanthomas or necrobiotic xanthogranulomas. Gibson et al. reported three cases of necrobiosis lipoidica with cholesterol clefts on the background of severe diabetes mellitus [2] . Hunt et al. reported a woman with a fibrous histiocytoma that showed cholesterol deposition in the setting of type IIB hyperlipidemia [9] . Histopathologically, these disorders show lipid-rich foam cells or macrophages on the background of hyperlipidemia or diabetes mellitus. This might be a direct cause of cholesterol crystal formation. In our cases, lipid-rich cells were not recognized around the clefts, and although two patients had a mild hyperlipidemia, we cannot demonstrate whether this was related to the formation of cholesterol crystal because of the small number of cases. Therefore, other mechanisms are considered, as described above.
In Japanese patients we sometimes observe cholesterol crystal depositions in cutaneous tumors, such as epidermal cysts, trichilemmal cysts, or pilomatricomas [10] - [12] . However, there have been few reports worldwide. This may be because cholesterol crystal depositions in cutaneous tumors do not affect the therapeutic strategy or prognosis in most cases. Further discussion of this area is expected in the future.
Conclusion
In conclusion, the present study suggests that a long disease duration with a tumor in a region that is subject to external irritation may contributes to the cholesterol crystal deposition in patients with BCC. Histopathologically, lipids from the tumor cell membranes caused by apoptosis are also considered to be one of the causes of this condition.
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